Actinocorallia populi sp. nov., an endophytic actinomycete isolated from a root of Populus adenopoda (Maxim.) !7c and C 18 : 1 !9c. The peptidoglycan diamino acid of A251 T was meso-diaminopimelic acid and the whole-cell hydrolysates contained glucose and ribose. The major menaquinones were MK-9(H 4 ) and MK-9(H 6 ). The phospholipid profile included diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, an undefined aminophospholipid and two undefined phospholipids. DNA-DNA hybridization data in combination with differences in the biochemical and physiological properties, indicated that A251 T should be classified as representing a novel species within the genus Actinocorallia, for which the name Actinocorallia populi sp. nov. is proposed, with A251 T (=CGMCC 4.7421 T =JCM 32178 T ) as the type strain.
The genus Actinocorallia, which was initially described by Iinuma et al. [1] and later revised by Zhang et al. [2] , is a member of the family Thermomonosporaceae. At the time of writing, the genus comprises eight species (http://www. bacterio.net/actinocorallia.html) with validly published names: Actinocorallia aurantiaca, Actinocorallia libanotica, Actinocorallia aurea, Actinocorallia herbida, Actinocorallia glomerata, Actinocorallia longicatena, Actinocorallia cavernae and Actinocorallia lasiicapitis. Members of the genus are Gram-stain-positive and can form spore chains on the aerial mycelium. Further investigation into the ecological diversity of endophytic bacteria has led to the discovery of several novel strains. Among them, a novel actinomycete, designated strain A251
T , was isolated from the root of Populus adenopoda Maxim. In this study, we performed a polyphasic taxonomic analysis on this strain and proposed that it represents a novel species within the genus Actinocorallia.
A251
T was isolated from the root of P. adenopoda collected from Shuangliu County, Sichuan Province, south-west China. For the isolation, the fresh root sample was processed as described by Coombs and Franco [3] and cut into small fragments, then placed onto water-yeast extract agar [4] supplemented with actidione (50 mg l
À1
) and nalidixic acid (25 mg l
). After 2-6 weeks of incubation at 28 C, colonies were separately transferred and purified on oatmeal agar [5] , and maintained as spores or mycelial fragments in glycerol suspensions (20 %, v 
The reference strains, A. aurantiaca JCM 8201 T and A. libanotica IFO 10495 T (=JCM 10696 T ), were obtained from the Japan Collection of Microorganisms (JCM) and cultured under the same conditions as strain A251
T for comparative analysis.
Cultural characteristics were observed in the organism grown on ISP1-5 [5] , nutrient agar (NA), Czapek's agar and modified Bennett's agar medium (yeast extract 1 g, beef extract 1 g, casein peptone 2 g, glycerol 10 g, agar 15 g, distilled water 1000 ml, pH 7.0-7.2) at 28 C for two weeks. The colours of aerial mycelia, substrate mycelia and soluble pigments were determined by comparison with the InterSociety Color Council-National Bureau of Standards (ISCC-NBS) colour charts [6] . Morphological features of A251 T were observed using scanning electron microscopy (JSM-7500F; JEOL) after incubation on ISP3 medium at 28 C for 14 days. Growth at different temperatures (5, 10, 20, 15, 25, 28, 37, 40, 45 and 50 C) was determined on ISP2 medium plates. Tolerance to NaCl concentration (0, 1, 2, 3, 4, 5, 6, 7 and 10 %, w/v) for growth was examined after 2 weeks of growth on ISP2 medium at 28 C. The pH range for growth was tested in ISP2 broth adjusted to pH 4.0-12.0 at intervals of 1.0 pH unit, using the buffer system as described by Xu et al. [7] . Catalase and oxidase activities were measured with 5 % (v/v) H 2 O 2 and 1 % (w/v) tetramethyl-p-phenylenediamine, respectively. The ability to utilize different carbon sources was assessed using ISP9 medium [5] incubated at 28 C and nitrogen sources utilization was determined as reported by Williams et al. [8] . Nitrate reduction, gelatin liquefaction, starch hydrolysis, H 2 S production, decomposition of cellulose, coagulation and peptonization of milk, decomposition of urea and hydrolysis of Tweens (20, 60 and 80) were examined as described previously [8] [9] [10] . Susceptibility to antibiotics was tested using the method of Goodfellow and Orchard [11] on ISP2 plates with antibiotic discs containing the following (µg per disc unless otherwise stated): chloramphenicol (30), ciprofloxacin (5), erythromycin (15) , gentamicin (10), kanamycin (15), novobiocin (5), norfloxacin (10), oxacillin (1), penicillin (10 IU), polymyxin B (30), piperacillin (100), streptomycin (10), tetracycline (30) , vancomycin (30) .
For chemotaxonomic studies, A251
T and two reference strains (A. aurantiaca JCM 8201 T and A. libanotica IFO 10495 T ) were prepared by growth in ISP2 broth in shake flasks at 28 C for 7 days. Cells were harvested by centrifugation, washed with distilled water and lyophilized. Polar lipids were extracted and separated by two-dimensional thin-layer chromatography according to the method described by Minnikin et al. [12] . Menaquinones were extracted from freeze-dried cells, purified by thin-layer chromatography and separated by high performance liquid chromatography [13, 14] . Fatty acid methyl esters were extracted from the biomass as described by Sasser [15] and analysed by GC-MS (Trace DSQ II; Thermo Fisher) using the method of Xiang et al. [16] . The cellular fatty acid compounds were identified and quantified using NIST 05 database (NIST Mass Spectral Database). The isomer type of the cell-wall diaminopimelic acid and sugars of whole-cell hydrolysates were determined using thin-layer chromatography on cellulose plates, as described by Hasegawa et al. [17] .
Chromosomal DNA was isolated from fresh cells by using a published method [18] . PCR amplification of the 16S rRNA gene sequence was carried out using two universal primers 27F (5¢-GAGTTTGATCCTGGCTCAG-3¢) and 1492R (5¢-ACGGCTACCTTGTTACGACTT-3¢). The PCR product was purified and linked into the vector pMD19-T (Takara). Sequencing reactions were performed using the dideoxy chain-termination method with an Applied Biosystems DNA sequencer (model 3730XL) at Sangon Biotech (Shanghai, China). The almost complete 16S rRNA gene sequence of A251
T , comprising 1475 bp, was obtained and compared with those of type strains available in the EzBioCloud server (https://www.ezbiocloud.net/; [19] ) and retrieved using NCBI BLAST (https://blast.ncbi.nlm.nih.gov/ Blast.cgi; [20] ) and then submitted to the GenBank database. The phylogenetic trees were reconstructed based on the 16S rRNA gene sequences of A251 T and related reference species. Sequences were multiply aligned in MEGA using the Clustal W algorithm and trimmed manually where necessary. Phylogenetic dendrograms were generated with the neighbour-joining (NJ) [21] , maximum-likelihood (ML) [22] and maximum-parsimony (MP) [23] algorithms using the MEGA7.0 software package [24] . The reliability of tree topology was evaluated by performing bootstrap analysis of 1000 data sets [25] . All positions containing gaps and missing data were completely deleted from the dataset. Evolutionary distances were computed based on the algorithm of Kimura's two-parameter model [26] for NJ and ML and the subtree-pruning-regrafting method for MP.
The whole genomic sequencing of A251
T was carried out using Solexa paired-end sequencing technology (Illumina HiSeq system) by a whole-genome shotgun strategy at Personalbio Company (Beijing, China). The G+C content of the genomic DNA was determined from whole-genome sequencing data. DNA-DNA hybridization was carried out by using the thermal denaturation and renaturation method as described previously [27, 28] .
Morphological observation of the culture grown on ISP3 medium for 14 days showed that A251
T produced welldeveloped aerial mycelia. Aerial hyphae were smoothsurfaced and differentiated into long straight or flexuous spore chains, and spores were ellipsoid in shape (Fig. S1 , available in the online version of this article). The strain showed good growth on all test ISP, NA and modified Bennett's agar media and moderate growth on Czapek's medium. The colour of substrate and aerial mycelium varied on the test media (Table S1 ). Moreover, no diffusible pigment was detected using any of the tested media. A251
T was able to grow at the temperature range of 10-45 C (optimum temperature at 28 C), pH 6-11 (optimum pH 7) and NaCl concentrations of 0-3 % (w/v). Phenotypic characteristics are summarized in the species description and a comparison between A251
T and two reference strains is given in Table 1 .
A251
T exhibited typical chemotaxonomic features of members of the genus Actinocorallia. It contained meso-type diaminopimelic acid as the diagnostic diamino acid in the cell-wall. The whole-cell sugars included glucose and ribose. The menaquinones detected were MK-9(H 0 ) (3.2 %), MK-9(H 2 ) (11.9 %), MK-9(H 4 ) (40.4 %) and MK-9 (H 6 ) (44.5 %). The major fatty acids of A251 T were C 16 : 0 , C 16 : 1 !7c and C 18 : 1 !9c, which accounted for 73.0 % of the total fatty acids. The fatty acid composition of strain A251
T was similar to those of related species of the genus Actinocorallia but there were minor differences in the proportions of the various fatty acids (Table S2 ). The polar lipids were comprised of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, an unidentified aminophospholipid, two unidentified phospholipids, two unidentified aminolipids, and six unidentified lipids (phospholipid type II; [29] ) (Fig. S2) .
According to the results from the EzBioCloud server, the 16S rRNA gene sequence of A251
T showed the highest similarity to A. aurantiaca JCM 8201 T (98.0 %) and A. libanotica IFO 10495 T (98.0 %). Analysis of phylogenetic trees clearly 
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Glucose, ribose Madurose* Madurose, galactose, mannose ‡ Predominant menaquinones MK-9(H 4 ), MK-9(H 6 ) MK-9(H 4 ), MK-9(H 6 ), MK-9(H 8 ) † MK-9(H 2 ), MK-9(H 4 ), MK-9(H 6 ) † *Data from Lavrova and Preobrazhenskaya [31] . †Data from Kroppenstedt et al. [32] . ‡Data from Meyer [33] .
revealed that the isolate represented a member of the genus Actinocorallia. In addition, the neighbour-joining tree indicated that A251 T was clustered with A. aurantiaca JCM 8201 T and A. libanotica IFO 10495 T (Fig. 1) . Similar topologies were also recovered in the maximum-parsimony and maximum-likelihood trees (Figs S3 and S4 ).
The DNA-DNA relatedness values between strain A251 T and A. aurantiaca JCM 8201 T and A. libanotica IFO 10495 T were 41.2±2.0 and 45.0±1.1 %, respectively. Based on the currently accepted criteria for the delineation of bacterial species, DNA-DNA relatedness of less than 70 % indicates that two strains should be classified as representing different species [30] . The low DNA-DNA relatedness detected between A251 T and the two most closely related species demonstrated that the isolate should be considered to represent a novel species of the genus Actinocorallia. The DNA G+C content of A251 T was 71.5 mol%, which was within the range reported previously for other members of the genus Actinocorallia.
The phenotypic characterization, enzymatic activities, biochemical and physiological characteristics, chemotaxonomic features and phylogenetic evidence clearly indicate that strain A251
T represents a novel species of the genus Actinocorallia, for which the name Actinocorallia populi sp. nov. is proposed.
DESCRIPTION OF ACTINOCORALLIA POPULI SP. NOV. Gram-stain-positive actinomycete with well-developed aerial mycelia that differentiate into long straight or flexuous spore chains, spores are ellipsoid in shape. Grows well on most test media and the colour of colonies is mediadependent. No diffusible pigments or melanin are detected using any of the test media. The temperature, pH and NaCl concentration ranges for growth are 10-45 C, pH 6-11 and 0-3 % (w/v) NaCl, respectively. Catalase-and oxidase-positive. Degradation of Tween 20 is observed but not that of Tween 60 and Tween 80. Positive for nitrate reduction and gelatin liquefaction but negative for decomposition of cellulose and urea, starch hydrolysis, H 2 S production, milk coagulation and peptonization. The type strain, A251
T (=CGMCC 4.7421 T =JCM 32178 T ), was isolated from the root of P. adenopoda, collected from Shuangliu County, Sichuan Province, south-west China. The genomic DNA G+C content of the type strain is 71.5 mol%. 
